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ABSTRACT 

A report is presented of technical activities and results 

for the period 1 Soptomber 1969 - 30 June 1974, during which 

the Polytechnic Aeiophysics Institute was engaged in continued 

support of the program of the Strategic Technology Office of 

the Defense Advanced Research Projects Agency.  Areas of concern 

involved atmospheric and flow-generated plasmas and flow charac- 

teristics as they related to high speed fiiiht and explosions in 

the field and laboratory, and to lasers and undersea simulation. 

Specific topics of theoretical and experimental nature included: 

numerical analysis of flows, ion-collecting probes, laser-Raman- 

scattering and laser-Doppler diagnostics, near-wake behavior, 

turbulent mixing, surface-cooling, a novel ?erodynamic test 

method, plume gas-dynamics, plasma diffusion and diagnostics, 

laser brightness and stratified-flow undersea simulation in an 

air wind-tunnel.  Fifteen senior investigators participated in 

the program during the subject period. 
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3-    y&SS. BaSaS gcgttertog Applications and Lasor Donnlcr Volocin.ctry 

In the early part of this contract period an extremely important part 

of the Polytechnic program evolved.    It concerned a demonstration of how 

the lascr-Raman-scattering effect,   little knomto those concerned with flow 

properties and behavior at that time,   could he used to great advantage for 

remote flow diagnostics.    This application was remonstrated through the work 

of S.   Ledermaa and his co-workers.    An early report on the method was 

reported by s. Ledermaa and G. F. Widhopf in a paper entitled:   "Specie 

Concentration^Mcasurements Utilizing Laser Induced Raman Scattering. " 

presented at the AIAA Eighth Aerospace Scicnre Meeting in New York City. 

January 1970,   and published in the AIAA Journal v. 9,   n. 2 February 1971. 

This paper was indicative of the Polytechnic's leading role in establishing 

this powerful technique as a tool for flow diagnostics.    It is the first of a 

series of papers describing the development and application of the method,  as 

a result of intensive work during the ensuing years. 

It is recalled that the laser-Raman method is an optical technique 

which permits the in-situ measurement,   in a non-perturbing fashion,   of 

species concentrations of Raman-active molecules («ingle-atomic species are 

not Raman-active)   and of temperatures.     Thus,   under many conditions of 

importance,   gaseous species,   density,   temperature and hence pressure can 

be measured with good spacial resolution   (1 mm) and instantaneously (10-20 

nanoseconds per frame with pulsed lasers).     Currently temperatures and 

concentrations can be measured with about 5% accuracy,   although this can he 

improved upon in special circumstances. 

As a necessary companion to the LRS method,   when flow systems are 

of concern,   velocities can be measured by means of laser-Doppler-velocimetry 

(LDV).     This method requires continuous-wave laser illumination.    It also 
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has ben lmpl«n«*od at tl.c Polytechnic laboratories to augment appropriately 

the laboratories1 diagnostic capabilities. 

The laser-Doppler effect depends upon Mio-scattering fron, minute 

particles  suspended in the flow.     These particles may sten, from the. natural 

environment of the flow {dust,   condensate,   etc. ) er fron, artificial Beedin« 

The extent to which the scattering particles follow the actual flow is thus 

important if one wishes to determine the flow velocity,  particularly under 

fluctuating conditions of high frequency as appear in turbulent flew.    A theoret- 

ical study of this effect as it bears upon the accuracy of LDV measuromenta 

has been presented in a report  by P.   K.   Khosla and S.   Ledernum entitled: 

:^l£tii!ii^L^^ PIBAL Report No.73- 

22,   Nov.   1973.    In this document it is she. .,   fur example,   that particles 

larger than 1 micron in diameter fail to follow velocity fluctuations when 

frequencies exceed the order of 1 kHz (1, 000 cycles/sec) under flow conditions 

of general interest.    The study covers a range of velocity and thermal  con- 

ditions parametrically and points to the desirability of obtaining reliable 

experimental data on this Bubject. 

A related problem concerning the application of LDV methods    emerge! 

fron, the recognition that LDV response depends upon scattering from an 

entrained particle passing through the local volume being observed,   as re- 

quired for spacial resolution.     Thus,   if strong velocity gradients are present, 

or pernaps  rapid turbulent  fluctuations,   which bring into the field of view 

flow-samples which are devoid of particles due to a non-uniform distribution 

of these entrained scatterers,   the velocities of these clean fluid segments 

will not be   sensed as one monitors the Doppler shift.    Consequently, mean - 

values of velocity,   based  upon time-average, over a series of individual 

scatterings in the vicinity of a point,   may be biased in favor of the velocity 
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levels of the particle -bearing of fluid elements,   with the level of the non- 

particle -bearing elements being omitted.    Clearly much remains to be done 

to place LDV technology on a firm basis for use in complex flov>  situations. 

The work done at the Polytechnic during the current contract period should be 

of benefit in this regard. 

Yet another problem associated with the presence of particulates in a 

flow being observed,   concerns their possible interference with the LRS signals 

when concentrations and temperatures are being measured.    Such particulates 

are present naturally in rocket exhausts due to material erosion and to conden- 

sation.    They are also present in the spray injection region of liquid fuel 

combustors,   the coolant injection region of cooled surfaces,  and over surfaces 

subject to ablation.    Also as previously mentioned,   particles may be artificially 

introduced to assist in LDV measurements.  In all of these cases,   it may be 

desirable to apply LRS diagnostics. 

An experimental study,   carried out on a limited basis,   to obtain   an 

idea of the order of magnitude of possible particulate interference in LRS,  was 

carried out and reported by S.   Lederman in a report entitled:    "Raman 

Scattering Diagnostics In The Presence of A-^ 0-, "   PIBAL Report No.   72-39, 

Dec. 1972. On the basis of this check, it was judged that under most practical 

conditions such interference would not prevent the acquisition of valid data on 

concentrations and temperatures within the usual accuracy. 

In the context of studying the effectiveness   of liquid-film cooling of 

missle and other surfaces,   LRS methods were applied with the objective of 

measuring species concentrations and both liquid and gas phase components 

in the vicinity of the liquid film.    This multiphase flow experiment would lead 

to an understanding of the manner in which the film breaks down and exerts an 

effect downstream,   particularly in supersonic flow.    The first part of this 
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study was devoted to the construction of apparatus which would furnish con- 

trolled droplets of water,   and to demonstrating the fuasihility of applying 

Ulumin&tion with a 100 megawatt pulsed rüby laser.    It was desired to distin 

guish liquid and gas phases and to measure their concentrations.    A report on 

the initial work by E.   J.   Kawecki and R.   Cresci is expected during the coming 

year. 

Finally,   the LRS technique was employed to measure molecular 

polarizability invariants a    and   y1 which are used to calculate equivalent 

Raman scattering cross-sections.    The feasibility of the technique was veri- 

fied by measurements in oxygen and nitrogen,   as reported by S.   Lederman and 

E.   J.   Kawecki in a report entitled:  "Determination of Molecular Invariants, " 

PIBAL Report 72-26,  Aug.  1972 and Proceedings of the 38th Supersonic Tunnel 

Assoc.   Meeting,  Sept.  197 2. 
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4.     1 lyprrtionic: Near Walu; Kxprriments and ThoOTV 

The character of the near wake of blunt-baied vobiclea has been a 

matter of prime concern in connection wilii observablea Bensed by r.ular or 

optical InstrumentSt   The relevant cbemical-physical phenomena are coupled 

to the pattern of flow.    Hence a knowledge of the hash; flow behavior,   oven in 

the absence of chemical effect,  is important and has been the subjocl of much 

study.     The wake hehhiu the body stems from the shoch-layer and hounclary- 

layer over the front of the body.    Tims the structure o'' these portions of the 

flow,  particularly their transitional or turbulent state, la important along 

with the wake itself. 

During the prior contract period, experiments in this regard were 

conducted in the Polytechnic's Hypersonic facility,  primarily at a Mach 

number of B,   over a range of Reynolds numbers,   on a sharp cone with 10° 

half-angle.    It was possible to produce,   over the rear of the cone-surface, 

conditJDns varying from laminar to fully-turbulent detailed wake measure- 

ment:-  of mean values were made by pitot probes and thermocouples in a region 

up to 10 base-diametors downstream of ehe base under varied conditions.     The 

results of this work were published «is previously reported.     They were 

significant in relation to oilier laboratory work carried on elsewhere,   and 

in relation to field data,   and were widely discussed in attends to resolve a 

number of different kinds of observation of wake phenomena. 

In the present contract period a method was evolved to provide a 

t1 eoretical treatment of near-wake flow by means of relatively large-scale 

Computer techniques.    The theoretical results compared favorably with the 

previous mean-flow experiments,   as shown by M.   Pierucci in a report entitled: 

'flPAxis^rmmetric Near Wake Analysis  Using Rotational Characteristics, " PIBAL 

Report   No.   70-4,   Feb.  1970.      The computational methodology was complex, 
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however,   and could not be considered to be a "production program" wliicli 

could be employed reliably by a person not well-versed in wake aerodynamics. 

Another project on the near-wake involved experiments utilising hot- 

wire anemometry to examine the turbulent-fluctuations of velocity.     This 

investigation was of limited nature and was not completed within the scope; 

of the present program,   since wake-studies were not continued under the 

program plan.    The work was reported by P.   Rosner in a masters thesis of 

the Polytechnic entitled:    "Hot-Wire Turbulence Measurenu-nts In The Near 

Wake of A Slender Cone,   June 1971. 

An additional facet of the near wake problem involved unsteadiness, 

particularly in the recirculation zone.    This was significai.t in connection 

with the time required for relatively steady conditions to become established 

after a transient condition arises.    Such transient! can be due to changes in 

the motion of the body,   and due to unstable behavior ef the flow itself.      A 

theoretical approach to this subject was treated by P.   M. Sforza and 

R.   Valentine in a paper entitled:    "Unsteaoy  Flow V/ithin A Circular Cavity, " 

Proceedings of the IUTAM Symposium on Unsteady Boundary Layers,   Laval 

University Pi ess,   Canada,  1972. 

14 
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5.     Turbulent.  Mixino 

The mixing of adjacent streams of different velocities,   U mperalures 

and composition is a phenomenon of importance in systems of interest in 

this program,   particularly when the flows are turbulent.     The entrainment 

of one stream by another is basic to the growth of boundary layer«, to make 

interactions,   to the aftermath of exp^sious, and to the chemistry and ener- 

getics of jets,   boundary layers,   wakes and explosion plumes. 

The studies of this problem were initiated by a critical  review of the 

state of knowledge and interpretation of chemical  reactions in turbulent 

mixing.     They indicated the rather primitive   state of affairs with regard to 

theory and diagnostic methods,   as reported by   I*. F.  Mons and  P. M.   Sfor/.a 

in a paper entitled "Chemical Reactions  in ron.pr(.ssible Turbulent Mixing 

Flow".    AIAA Paper 69-537,   1969. 

Also reported in that paper were initial results of an extended series 

of experimental studies of turbulent mixing r ean flow properties.     These 

were based upon requisite improvements in instrumentation,   including an 

isokinetic gas sampling probe and associated equipment for concentration 

measuiemcnts in binary   mixtures,   and enthalpy flux and temperature 

probes.     These results tended to affirm the phenonumological theory 

referred to as the  "inductive theory of free turbulence of Reichardt ". 

Further detailed studies of mass,   momentum and energy transport 

in free jets were reported by R.   F.   Mons and P.   M.   Sforza in "Turbulent 

Heat Transfer in Axisymmetric Jets".  PIBAL Report 71-14,   1971.     In this 

work,   the significant influence of initial conditions was given careful 

attention. 

Studier were also continued of wake-like flows generated by cylinders 

aligned with the fie v and protuberances normal to the flew.    In these,   the 

15 
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effects of surface heating lc-aclinR to temperature and density variations were 

examined,   and also the effects of large-sc ah- vortex-like superstructures 

were observed.     The density variations resulted in "flalteninR" of ihr 

initially-round,   horizontal wak< s.     Those,   and other non-axisymmet ric 

effects were studied.     The importance of initial condition«,   and dis- 

turbances therein were carefully considered throughout.    As a rc-sult of 

this careful experimentation,   the results of previous work was validated 

and augmented,   and the combined results considered to be suitable, for final 

presentation.     The prior work was encompassed in the report by  N. P. 

Trentacoste and P. M.   Sforza entitled '^Studies_ in 1 lomoueneous and 

Nonhomogeneous  Free Turbulent Shear Flows"    PIBAL Report f,9-36,   1969. 

and the recent work summarized in a paper by P. M.   Sfo;za entitled 

"Mass,   Momentum and Energy Tv.-.ncnor(  in Fr,.p Turbul(.nt Mj>:in^ 

Fourth Canadian Congress of Applied Mechanics,   Montreal,   May   1973. 
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6.     Explosions 

In addition to the studies of turbul. nt mixing and cntrainmcnt.   a 

laboratory version of a spherical explosion was si.nulated by means of a 

confined exhaust from the end of n shock- lube.     This experiment was 

reported by S.   Lederman.   E.   F.   Dawsonr   and P.   K.   Khosla in "Creation of 

a Spherical Shock  Wave in The Alm.sphere by  Usin^ a ShoCk Tube" 

P1BAL Report 72-38,   Dec.   1972.     CorelUry to thie,   a computer program 

was set up for the behavior of spherical blast waves,   particularly 

emphasizing the early-time history of the explosion.     The details are 

described in a masters thesis by N.   T.   Truncellito entitle.: "Unsteady  Flows 

Initiated by Explosicn"   June  1973. 

17 
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7.    Film C>n)i tnc 

As previously mentlonecl in connection with th« section on laser 

diagnostici (Section 5), the cooling of cone-tips by means of locally in- 

jected water has been itudied experimentally and theoretically.    A theory 

based upon the sssumption of s steady film,  including vaporisation effects 

and mass cntrainment into the boundary  layer did noi  explain the experi- 

mental   results   satisfactorily.     An unsteady  film  st.ddlily analysis  xva s then 

developed and compared to the experiments.    The tests were performed on 

a 20 ' half-angle cone with a hemispherical nose,  ai Mach B bnd pcr-fool 

Reynold! numbers between 0.2 and l.-l miUion.    This wai reported by 

R. J.  Cresci and j.  Starkenberg in a paper entitled "Liquid Film Coolins 

on Hypersonic Slender Bodies". Astronautics AcU,  v.   18. u.   1,   I973. 

18 
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8.     "Slinpsliot",   An Aerodynamic Test Facility 

In usual wind-tunnels the achievment of high Mach numbers is 

accompanied by diminished Reynolds numbers.     A novel method of 

obtai'iinp both high Reynolds numbers and high Mach numbers has been 

devised.    The concept consists of accelerating a capsule of test gas in a 

gu'.. barrel,   and passing the contents of the capsule over a stationary model. 

The flow in the simplest form of tins device ifl of shori duration,   bat 

methods of extending the flow-times are possibl'-.     To date,   2 in.   diameter 

capsules,   12 in.   long have been accelerated to 3800 ft/sec at  atmospheric 

densities,   and test-data   obtained for the heat transfer to cones.    Theoretical 

analyses have been made of the most effective acceleration programs,   and 

numerical studies carried out to examine shock-formation within the capsule. 

If the acceleration is initially low and increases with time,   shock-free flow 

can be maintained. 

This work has been described by M.   H.   Bloom,   R.   J.   Cresci, 

G.   Moretti and J.   Librizzi in a paper entitled "Slingshot   - An Advanced 

Aerodynamic Test Facility"  in the Proceedings of The Seventh 

International Shock Tube Symposium,   U.   of Toronto Press,   Canada,   1970. 

After additional work,   a further paper was presented by J.   Librizzi, 

D.   Landsberg,   R.   J.   Cresci and M.   H.   Bloom in "Experimental and 

Analytic Performance of the Slingshot Pilot  Facility",   A1AA Paper 72-1 68, 

1972. 
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9.    Hifih Altitude  Plume Gas  Dynamics 

Taking cognizance of existing engineering approximations to 

continuum plume gas-dynamics,   and of complex computer analyses of the 

problem,   a theoretical study has been carried out with emphasis on 

analytic approaches.    This was intended 10 serve as a guide and comparison 

for approximations and numerics,   and also to deal with certain intricacies 

such as the triple-point interaction which arisen in retro-plumes.    The 

analytic approach should also facilitate the evaluation of viscous and far- 

field effects.    The results of this work are given in a doctoral thesis by 

J.   T.   Kelly entitled,   "The Interaction of a Hypersonic Plume  With an 

External Hypersonic Stream".   June 1973 and PIBAL Report 73-12,   1973, 

S.   Rubin served as principal advisor in this work. 

Since non-continuum effects are also important for cer ain high 

altitude plumes,   an analysis has been made of a rearward-facing jet which 

emerges from the continuum regime in the near-field and proceeds through 

the transition region to the rarefied regime.     An analytic approach has been 

employed which obviates several assumptions made in related kinetic studies 

of subjects.    It may be applied to more complex retroplume and three- 

dimensional configurations.     The results have been presented by P.   K. 

Khosla in "Interaction of Spherical Source Flow and Axisymn etric   Free 

Jet with a Rarefied Rackground".   PIBAL Report 72-25,   May  1972, 

20 
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10.    I3! as mas 

The behavior and effect! of plasmas in this program have been viewed 

from sovoral different ■tandpoints.   One concerna the effects of ihock-wave- 

induced radiation and thermal Ionisation In produ« Ing precursor ionization 

as is observed in the  bow-shoik region of hypersonic flows over blunt bodies 

and retroplumes.     A second concerns Ihn breakdown phenomenon in gasos 

adjacent to microwave antennas,   particularly when Ihn  gases are pre-ionb-ei 

and at elevated temperatures.    A third involves the ionization effe<   s produced 

by high altitude explosions in the atmosphere.    A fourth Involves   the ionized 

flow produced in the   shock-layers,   boundary layers and wakes of high-spend 

vehicles.     Not only  the flow properties themselves,   and associated obse rvahle ■-, 

are of interest here,   but  Ihn diagnostics for measuring flow properties  reliably 

are of concern.    For the latter,  Langmuir probes,  mass.spectron etry and 

electron beams have been employed.     Finally,   a small effort  has been devoted 

to clarifying some  basic points  in the kinetic theory of plasmas. 

These plasma-related topics arn discussed in sequence. 

10. A      Plasmas:   Precursor Effects 

In prior work measurements were made of the  nature of precursor 

ionization produced  in argon and in air by shock waves exceeding March   10,   in 

a pressure-driven shoe!- tube.    In these experiments both Langmuir probes and 

microwave cavities were employed as diagnostics.     The present work was 

geared to examining the effect of microwave  radiation on this precursor 

ionization.     For this purpose,   the  shock tube was used as a waveguicin for 

pulsed X-band microwaves,   with peak power of several  kilowatts,   traveling 

upstream toward the oncoming shock.    A range of microwave power levels 

was used in the experiments.    Generally it was found that the velocity of the 

ionization wave was  significantly increased in the presence of microwave 

21 
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radiation,   and that the microwavo  radiation is partly absorbed by llio pro- 

cursor.     This work is reported in a paper by B, F,   Dawson and S.   I.oderniaii 

entitled "Effect of Mic-rowave Radiation on a Shock-Produced Electron 

Precursor, "   The Physics of Fluids,   v.   16,   n.   2,   Feb.   1973. 

10. R      Plasmas:   Microwave  Breakdown 

Microwave breakdown in pases is a significant phenomenon in connec- 

tion with antenna performance.    Experiments wrvc made to produce ano 

examine this phenomenon at an open-end waveguid« antenna,   which was 

operated at 9.4 CHc under pulsed conditions in the pr^sonco of various gasos 

at pressures of 0. 3 and 30 Torr.     The gasns r-mployed w^r^ air,   argon, 

nitrogen,   carbon dioxide and methane.    An iiit<-rostinp feature of this set of 

experiments was the observation of double minima in the variation o' break- 

down field  strength with gas pressure for certain pases at low palse  rates. 

This work is reported in a paper by E.F.   Dawson and S.   Lcderman entitled 

"Pulsed Microwave   Breakdown in Oases with a Low Degree of Ionisation.'' 

Journal of Applied Physics,   v.   44,   n.   7,   July  1973. 

10. C      Plasmas:   Plasma Cloud Diffusion 

Plasmas in the atmosphere may be produced naturally as well ?s  by 

events such as explosions,   releases,   and high-speed vehicles.     In some cases, 

interactions with tho earth's magnetic fiold may he sipnificant.     Thus,   an 

improved understanding of phenomena such as weak plasma turbulence,   and the 

formation of striations associated with drift instabilities,   can beiiffil the 

understanding of plasma cloud behavior and observation. 

Studies along theso lines have been carried out and reported by K. M. 

Chung in a paper ontitled ' Formation of Striations in an Electrodeless Plasma, ' 

Journal of Applied Physics,   v.   40,  p.   3885,   1969.     They have also been 

reported by E.   Lcvi in the Proceedings of Project Secede Studies of 1969 and 

1970. 
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In connoclion with weak turbulonco,   a hollow cathodo arc plasma was 

studied.    It was shown that an increase in densily fluctuation level from  1% to 

25% was correlatod with a 3 order-of-magnitucle increase in diffusion across 

the magnetic fi^ld;   wher» as in the quiescent  regions classical diffusion mag- 

nitudes were observed.     The correlation tim^ of the fluctuations correspond 

to the transit time of the ions along the de 'ice,   indicating that the unstable 

modes did not reach saturation and that the effect could be amenable to linear 

analysis. 

In connection witli striations produced in laboratory experiments,   it 

was found that fie Id-align.-ü   striations could be controlled,   thus affecting both 

the growth rate and the non-linear saturation levol of drift instabilities. 

10. D      Plasmas:   Electron Beam Diagnostics of Plasma Fluctuation« 

A combined experimental and theoretical  study has been carried out 

of an electron beam as it passes through a plasma which fluctuates due to 

noise and/or turbulence.    It was of interest to relate changes in the beam to 

local fluctuations in the plasma along its path.     The beam was passed through 

couplers before it entered the plasma and after it emerged.     This permitted 

signals to be detected or impressed on or removed from the beam at these 

points.     The most desirable plasma for this  study was found to be a therm- 

ionically heated,   low voltage arc discharge. 

The theory was first based upon an idealized model consisting of a 

lateral infinite cold beam and warm plasma.     Later a finite beam was con- 

sidered.    An explanation was evolved of the dependence of the beam-modula- 

tion on the transverse propagation constant and frequencies of the turlmlonl 

plasma. 

This work has been reported in a paper by R.   Eichler,   R.G.E.   Ilutter 

and E.   Levi entitled 'Interaction Between an Electron Beam and a Turbulent 
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PUtma."   Journal of Applipcl Physics,   v.   43,   n.   7,   July  1972.    A further 

report by R.G, B,  Muiicr •«titled 'Beam-Plaama Expcrimenti'   has been 

likewise submitted to the Journal of Applied Physics for publication. 

10.E     Plaema«; Kinetic Theory 

A series of works carried out privately by T.   Koga,   was prepared for 

publication partially within the scope of this program.    The work dealt with 

the ' 'Difficulty and Poitibility of Kinetic Then try of Quantum -Mechanical 

System«1   as  reported in PIBAL Reports 70-26,   70-35,   70-36 dated   1'170.    The 

ideas were ultimately published in a  book by T.   Koga entitled:   ' Introduction 

to Kinetic Theory; Stochastic Proce»»e» in Gagepua Syetem«.'   P<> rgamon 

Press,   New York,    1970, 
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11.   Laser Drightnoss 

-2 1 
The brightness (watts -cm      - steradian"   ) of high power lasers,   such 

as gas dynamic and chemical lasers.is generally redaced from the optimum 

performance of diffraction-limited output operation.    Possible contributing 

factors to this diminished performance are refractive index gradients and 

turbulence within the lasing media,   and high gain of the media.    It was 

desired to run a modest experiment to examine these Tactors taking advantage 

of the existing laser facilities at the Polytechnic,   which include a visible high- 

gain copper-vapor laser,   which is pulsed and achieves nearly diffraction- 

limited performance with the use of a high-loss resonator (see for reference: 

Chimenti,   R.   and Walter,   W.I.:   'Coherence Properties of the Pulsed Copper 

Vapor Laser'    Bull.   Amer.   Phys.   Soc.  v.   16,   p.   41,   1971).    Thus it would 

be possible to uncouple the effects of high-gain,refractive index gradients, 

and turbulence,  and to examine them in the visible spectral regioi,  which 

then would be indicative of comparable effects in the infra-red regime. 

The experiments consisted of blowing a series of controlled turbulent 

jets transverse to the optical cavity of the laser,   thus providing defined bands 

of gas whose composition could be varied to influence the refractive-index 

pattern and turbulence level in the cavity.    For comparative purposes,   optical 

cavities of plane-parallel Fabry-Perot type and high-loss resona'or type were 

employed.    Output beam properties were monitored as to power,   quality and 

divergence. 

The initial results indicated  little   change   in the   n.-ar-field 

output beam pattern wh.^n a striped refractive pattern was introduced in the 

high-reflectance end of the Fabry-Perot cavity whose output beam divergence 

is much greater than the diffraction-limit because of the high gain in the 

lasing medium.    The far-field was not examined initially.    It was of interest 
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to detormino whether the  non-coho r.-nt multi-modal nature» of the output 

resulted in an integrated intensity which was not substantially differ.Mit from 

the basic output.     The  introduction of a high-loss optical  resonator would 

lead to a reduced number of transverse modes and yield infor.nati >n In thll 

regard.    Since increases in the magnification factor are associated wUh 

decreased aensltivity to dUtortlon, theaa two factors ivouH i)e !ra l-l-ofi i i 

the experiment. 

This effort has been led by W. T.   Walter and J.   LaTourrette. 

26 



12.    Stratified Flow Experiment! 

In connection with studies of flow-fields of submerged vehicles  in 

the stratified regions of the ocean,   it was desired to establish the feasibility 

of simulating the appropriate conditions in the laboratory using a relatively 

large air-wind-tunnel as an alternative to less-convenient and costly water 

experiments.     The  Polytechnic made available its low-speed stratified-flow 

wind tunnel for this purpose.     The test • section dimensions are 4x5x20 ft. 

Vertical thermal   and density gradients are produced by upstream dif.eren- 

tial heating with  electrical  resist mco H.-monts.     Tie  tunnel  wu* originally 

set up for experimentation relevant to the atmosphere,   and had been cali- 

brated with this in mind. 

For the simulation of oceanic conditions,   including stratification,   as 

expressed by such parameters as the Richardson number,   Vaisalla frequency 

and Froude number,   it is necessary to establish very low velocities on the 

order of several feet-per-second,   and to maintain the thermal gradients 

with significant accuracy.     To this end,   improvements in the heating and 

control system were made.     Moreover,   refinements in the instrumentation 

system were initiated.     The instrumentation will  involve flow-vi sualixation 

with a smoke-generator,   pitot-pressure and hot-wire probes on vertical 

and horizontal traverses,   and laser-doppler velocimetry. 

Since experiments of this type are diffic ult at best,   substantial c are 

will be required in establishing the feasibility of the method,   its advantages 

and limitations.     Items of importan. e range from simultaneous requirements 

of appropriate magnitudes of Richardson and Reynolds numbers,   the nature 

of turbulence produced in the tests,   the effects of the tunnel walls with 

regard to secondary currents and reflection of internal waves etc.    Few if 

any serious attempts have been made to deal with these questions in 
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connection with undersea simulations in air-wind-tunnels. 

R. J. Cresci, G. Strom and M. H. Bloom are leading this effort. 
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